were measured with a Perkin-Elmer Model 343 polarimeter. LC-MS analyses were conducted on a Shimadzu LC-MS 2020 instrument (pumps LC-20AD, autosampler SIL-20AC, column oven CTO-20AC, diode array detector SPD-M20A, controller CBM-20A, ESI detector and software Labsolutions) with a ZORBAX Eclipse Plus column (C18 1.8 μm, 3.0 or 4.6 mm ID × 50 mm (Agilent)) or a YMC-Pack Pro C18 column (S-5 μm, 120 Å, 2.1 mm ID × 150 mm). A binary gradient of MeCN or MeOH in water, aq. triethylammonium acetate buffer (10 mmol, pH 8) or aq. trifluoroacetatic acid buffer (0.1 %) were used as eluents at a flow rate of 0.2 mL/min (2.1 mm ID), 0.5 mL/min (3.0 mm ID) or 0.8 mL/min (4.6 mm ID). The oven temperature was kept at 35 °C and the detection wave length at 228 nm or 258 nm. Conditions for each compound are specified below. Chiral HPLC analyses were conducted on a Shimadzu LC 20 instrument (pumps LC-20AB, autosampler SIL-20AC, column oven CTO-20AC, diode array detector SPD-M20A, controller CBM-20A, and software Labsolutions) with a Daicel Chiralpak IC-3 column (4.6 mm × 150 mm). Unless stated otherwise, all commercially available compounds (Alfa Aesar, Aldrich, TCI, Strem Chemicals) were used as received.
S-4
tert-Butyl (Z)-3-iodoacrylate (12). [1] tert-Butyl propiolate (15.4 mmol, 1.94 g) was added to a solution of NaI (23.5 mmol, 3.53 g) in acetic acid (9 mL) and the resulting mixture was stirred at 70 o C for 16 h. The mixture was cooled to room temperature before it was diluted with water (30 mL) and diethyl ether (30 mL). The aqueous phase was extracted with Et 2 O (4 × 30 mL). The combined extracts were neutralized with aq. KOH (3 M), washed with brine (50 mL), dried over MgSO 4 , filtered and concentrated in vacuum. Purification of the residue on silica gel by flash chromatography (hexane/EtOAc = 100/1 to 50/1) gave the product as a pale yellow oil (3.17 g, 81%). 
tert-Butyl (S, Z)-7-hydroxyoct-2-en-4-ynoate (13).
Step 1: (S)-2-Methyloxirane (49.6 mmol, 3.47 mL) was added dropwise at 0 °C to a suspension of lithium acetylide-ethylene diamine complex (54.7 mmol, 5.6 g, 90%) in DMSO (50 mL). Once the addition was complete, the mixture was stirred at RT for 15 h. The mixture was poured onto ice and the resulting solution was extracted with Et 2 O (4 × 50 mL). The combined organic layers were washed with brine, dried over MgSO 4 and concentrated in vacuo to afford alkyne 10 as a yellow volatile oil, which was used in the next step without further purification. [2] Step 2: tert-Butyl (Z)-3-iodoacrylate (12) (5.09 mmol, 1.29 g) and the crude 10 (6.2 mmol, 558.7 mg, 94% in Et 2 O) were added successively to a stirred solution of CuI (0.28 mmol, 54.2 mg) and Pd(PPh 3 ) 4 (0.25 mmol, 288 mg) in Et 3 N (20 mL). Stirring was continued in a sealed Schlenk tube at 30 o C for 70 h. The mixture was diluted with tert-butyl methyl ether (20 mL) and the reaction was quenched with H 2 O (15 mL). The aqueous layer was extracted with tert-butyl methyl ether (3 × 30 mL), and the combined organic phases were dried over MgSO 4 , filtered, and concentrated. The crude material was purified by flash chromatography on silica gel (hexane/EtOAc = 20/1 to 10/1) to yield the title compound as a yellow oil (992.2 mg, 93%). (S)-6-(2-Hydroxypropyl)-2H-pyran-2-one (14). [(Xphos)AuNTf 2 ] (0.039 mmol, 37.1 mg) was added to a solution of compound 13 (3.5 mmol, 743 mg) in MeNO 2 (5.7 mL) and HOAc (1.4 mL) and the resulting mixture was stirred for 23 h. The mixture was adsorbed on silica which was loaded on top of a flash column filled with silica, and the product was eluted with hexane/EtOAc (4/1 to 1/3). The desired product was obtained as a yellow oil (484 mg, 89%). followed by a solution of compound 14 (4 mmol, 617.8 mg) in toluene (20 mL) (the flask was rinsed with 2 × 2.5 mL of THF). After stirring for 1 h at RT, the reaction was quenched with water (20 mL). The aqueous phase was extracted with EtOAc (3 × 30 mL) and the combined extracts were dried over MgSO 4 , filtered and concentrated. The residue was purified by flash chromatography on silica gel (hexane/EtOAc = 8/1 to 2/1) to yield the title compound as a pale yellow oil (913.3 mg, 97%). 
S-6
(S)-3-(4-Bromothiazol-2-yl)propane-1,2-diol (6). A pressure tube equipped with a magnetic stir bar was charged with Pt(dba) 3 (0.065 mmol, 58.2 mg), ligand 8 (0.076 mmol, 68.8 mg), and B 2 (pin) 2 (3.85 mmol, 978 mg). The tube was evacuated and refilled with argon. THF (2.8 mL) was added via syringe and the resulting solution stirred at 80 °C for 30 min. The tube was cooled to room temperature before compound 5 (2.75 mmol, 560.6 mg, freshly distilled before use) was introduced. The tube was sealed and stirring continued at 60 °C for 14 h. For work up, the mixture was cooled to RT and transferred into a 100 mL two-necked round bottom flask, rinsing with THF (2 × 2 mL). The mixture was cooled to 0 °C before aq. NaOH (3 M, 6.8 mL) was added, followed by dropwise addition of hydrogen peroxide (30% w/w, 3.5 mL). The mixture was gradually warmed to room temperature and stirred for 4 h before the reaction was quenched at 0 °C by dropwise addition of sat. aq. sodium thiosulfate (2.8 mL) over 5 minutes. The mixture was diluted with ethyl acetate and aqueous layer extracted with ethyl acetate (6 × 20 mL). The combined extracts were dried over MgSO 4 , filtered, and concentrated, and the residue was purified by flash chromatography on silica gel (hexane/EtOAc = 1/1 to 1/3, then EtOAc/MeOH = 25/1) to yield the title compound as a white solid (598 mg, 91%, 91% ee). After stirring for 48 h, the reaction was quenched with water. The aqueous layer was extracted with ethyl acetate (3 × 20 mL) and the combined organic phases were dried over MgSO 4 , filtered, and concentrated. The crude material was purified by flash chromatography on silica gel (hexane/EtOAc = 15/1 to 6/1) to yield the title compound as a viscous yellow oil (1.54 g, quant.). degassed THF (8.6 mL). The mixture was vigorously stirred for 10 min before the borane solution was slowly added via canula (rinsing with 2 × 1 mL of THF). The resulting mixture was stirred at 50 o C for 30 min before it was diluted with EtOAc (25 mL) and the reaction was quenched with H 2 O (10 mL). The aqueous layer was extracted with EtOAc (3 × 40 mL). The combined organic phases were washed with sat. aq. NaCl (20 mL), dried over MgSO 4 , filtered, and evaporated. The residue was purified by flash chromatography on silica gel (hexane/EtOAc = 8/1 to 1/1) to yield the title compound as a yellow oil (1.37 g, 82%). Small amounts of the isomeric product S1 were obtained as a yellow oil when the eluent was switched to hexane/EtOAc = 1/1 to 1/3. The ratio 16:S1 in the crude material was determined as 88 4 Cl and the pH of the aqueous layer was adjusted to 2-3 upon addition of aq. HCl (1 M). The aqueous layer was extracted with EtOAc (5 × 25 mL) and the combined organic layers were washed with sat. aq. NaCl, dried over MgSO 4 , filtered and concentrated to an oily residue, which was purified by preparative TLC (hexane/EtOAc = 1/1) to yield the title compound as a yellow oil (59 mg, 75%). 4 Cl and the pH of the aqueous layer was adjusted to 2-3 upon addition of aq. HCl (1 M). The aqueous phase was extracted with EtOAc (5 × 30 mL). The combined organic layers were washed with sat. aq. NaCl, dried over MgSO 4 , filtered and concentrated to an oily residue, which was dried in high vacuum for 1 h. This crude material was directly used in the next step.
2-Bromo-1-ethyl-pyridinium tetrafluoroborate (9.95 mmol, 2.73 g) was added to a solution of the crude material and NaHCO 3 (103.3 mmol, 8.68 g) in CH 2 Cl 2 (680 mL). The mixture was stirred for 43 h in the dark before the reaction was quenched with H 2 O (80 mL). The aqueous layer was extracted with tertbutyl methyl ether (4 × 70 mL), and the combined organic phases were dried over MgSO 4 , filtered, and evaporated. The residue was purified by flash chromatography on silica gel (hexane/Et 2 O = 8/1 to 3/1) to yield the title compound as a colorless oil (139 mg, 55%). Unreacted starting material 16 was recovered in 14% yield (34.8 mg) when the eluent was switched to hexane/EtOAc = 2/1 to 1/1.
S-9
Compound 20. TBAF (0.42 mmol, 1 M in THF, 0.42 mL) was slowly added to a solution of compound 19 (0.21 mmol, 131.9 mg) in THF (3 mL) and acetic acid (1.02 mmol, 58.7 µL). After stirring for 16 h, the mixture was poured into a mixed solution of ethyl acetate (5 mL) and sat. aq. NaHCO 3 (5 mL). The aqueous layer was extracted with ethyl acetate (5 × 10 mL), and the combined organic phases were dried over MgSO 4 , filtered, and concentrated by rotary evaporation. The crude material was purified by flash column chromatography on silica gel (hexane/EtOAc = 2/1 to 1/2) to yield the title compound as a colorless oil (82.1 mg, quant.). 82 (s, 3H), 1.80-1.72 (m, 1H), 1.69-1.60 (m, 1H), 1.40-1.13 (m, 1H), 1.26-1.14 (m, 1H) was poured into a mixture of tert-butyl methyl ether (10 mL) and aq. phosphate buffer (pH 7, 10 mL). The aqueous layer was extracted with tertbutyl methyl ether (3 × 15 mL) and the combined organic phases were washed with phosphate buffer, dried over MgSO 4 , filtered, and concentrated by rotary evaporation to an oily residue, which was dried in vacuum for 2 h (2 × 10 -3 mbar). The crude material was directly used in the next step.
2-(Triphenylphosphoranylidene)-propionaldehyde (0.13 mmol, 39.9 mg) was added to a solution of the crude product in toluene (5 mL) and the resulting solution was stirred at 80 o C for 2 h. Once the reaction was complete (monitored by TLC), the mixture was allowed to reach ambient temperature before the reaction was quenched by H 2 O (5 mL). The aqueous layer was extracted with tert-butyl methyl ether (4 × 10 mL) and the combined extracts were dried over MgSO 4 , filtered, and concentrated. The residue was purified by flash chromatography on silica gel (hexane/Et 2 O = 8/1 to 2/3) to yield the title compound as a white solid (38.6 mg, 86%). C. The mixture was stirred at this temperature for 1.5 h. Once the reaction was complete (monitored by TLC), the mixture was diluted with tert-butyl methyl ether (5 mL) and H 2 O (5 mL). The aqueous layer was extracted with tert-butyl methyl ether (3 × 10 mL) and the combined extracts were dried over MgSO 4 , filtered, and evaporated. The carboxylate (CuTC, 0.068 mmol, 12.9 mg) were then introduced, followed by Pd(PPh 3 ) 4 (0.0045 mmol, 5.2 mg). The resulting mixture was stirred for 1 h before the reaction was quenched with water (5 mL). After dilution with EtOAc (5 mL), the aqueous layer was extracted with EtOAc (3 × 10 mL). The combined extracts were washed with sat. aq. NaCl, dried over MgSO 4 , filtered, and evaporated. The residue was purified by flash chromatography on silica (pretreated with 1% Et 3 N in hexane, hexane/EtOAc = 1/1 then EtOAc/Et 3 N = 120/1 to 50/1) to yield the title compound as a yellow oil (19.7 mg, 83%). 
S-13

